Summary. Epigaeicly active species have set the standards for our understanding of army ant behavior. However, the majority of species leads a cryptic hypogaeic life. Being the first of the hypogaeicly foraging and nesting army ant species investigated in more detail, we studied the nesting habits and colony structure of Dorylus (Dichthadia) laevigatus in Malaysia. By monitoring the species' hypogaeic movements via oil baits we were able to locate and -for one colony -to excavate a nest. The location of the nest was not revealed by epigaeic excavation signs. Within the soil high densities of large and intermediate sized trails indicated the presence of nest cavities. Nest form and number of cavities varied with local conditions.
Introduction
A very striking life-form of tropical regions are the so-called army ants, which are characterized by a unique combination of mass raiding and colony migration (Gotwald, 1982) . Raid characteristics and mechanisms have been analyzed rather thoroughly for epigaeicly active species (subfamilies Aenictinae, Ecitoninae, and Dorylinae; e.g. Schneirla, 1971; Gotwald, 1995) . On the other hand, for the majority of species, which forage hypogaeicly, we are just beginning to look into these traits (Berghoff et al., 2002) . Likewise, colony attributes such as nest form, the way of its construction, and its internal conditions were studied mainly for army ant species which form epigaeic bivouacs (e.g. Beebe, 1919; Schneirla et al., 1954; Jackson, 1957; Rettenmeyer, 1963; Chapman, 1964; Schneirla and Reyes, 1969; Schneirla, 1971) . Such epigaeic bivouacs, which are formed by a variety of Ecitoninae and Aenictinae species, are constructed wholly of the bodies of colony members. By altering the space between individuals, a colony is able to maintain an optimal temperature for the brood within the bivouac (Franks, 1989) . Of the Dorylinae, which nest strictly hypogaeicly (Gotwald, 1995) , records on nest structure and conditions within the nest are scarce. The Dorylinae consist of six Dorylus subgenera and 61 described species (Bolton, 1995) . Of these, nests have been excavated for D. (Anomma) wilverthi, D. (A.) nigricans subspecies burmeisteri, molestus, and sjoestedti (Raignier and van Boven, 1955; Leroux, 1977; Gotwald and Cunningham-van Someren, 1990) , and one unidentified Dorylus species (Brauns-Willowmore, 1901) . All species had epigaeic foraging trails which could be traced back to the nest sites. To our knowledge, no nest parameters of a hypogaeicly foraging Dorylus species or of a species of a different subgenus have been recorded.
The current study focused on the hypogaeicly foraging and nesting army ant Dorylus (Dichthadia) laevigatus which has been reported throughout most of South-East Asia (Wilson, 1964) . Although D. laevigatus is scientifically known for almost 150 years and is locally very abundant (Weissflog et al., 2000; Berghoff et al., 2002) , nothing is known about its colony composition or nesting habits. By attracting D. laevigatus to palm oil baits we were able to monitor a part of its hypogaeic movements and thus to locate the nest site. We report on the nest structure, colony composition, and morphology of its members, and describe morphological differences between workers allocated to different tasks. Being the first hypogaeicly active Dorylus species studied in detail, we compare the recorded characteristics to other Dorylus species.
Materials and methods

Study site
The study was conducted in a privately owned oil palm plantation near Sitiawan, Perak, West Malaysia (4°2¢ N 100°5¢ E, 0 m a.s.l.). The 15 year old plantation contained 146 palm trees distributed in 14 rows over an area of 1.1 ha (see also Berghoff et al., 2002) . The soil consisted of three distinct zones: 1) an uppermost black humus zone of about 5 cm depth, followed by 2) a yellow clay zone about 40 cm deep, containing a network of palm roots in 20-35 cm depth, and 3) a grayish-white zone with red iron streaks reaching the ground water level at a maximum depth of 80 cm. Data were collected at the end of the rainy period between January and March 2001.
Nest excavation and laboratory observations
Distribution of D. laevigatus and subterranean movements were monitored via sieve buckets (height: 9 cm, diameter: 30 cm) baited with palm oil (see Berghoff et al., 2002 for a detailed description of the method). The ants recruited in large numbers to the sieve buckets, where they fed on the oil. Presence and abundance of D. laevigatus as well as depth and direction of access was recorded daily for each bait. A first set of 30 baits with a bait distance of 14 m was evenly distributed in the plantation. In areas of high ant abundance, new baits were inserted between existent baits, reducing the distance between two baits to 7.5 m. These modifications were completed within the first two weeks, leading to a final number of 111 baits. Baits were refilled with 50 ml palm oil four times during the study period.
For nest excavation we used an excavator with a shovel-width of 1 m. The soil surface was closely examined at a potential nest site before starting an excavation. Then the excavator removed about 2 m long and 10 cm thick strips of soil. The scratched ground surface and the removed soil spread on the ground nearby were examined for signs of D. laevigatus before continuing the excavation. Ants were transferred with their surrounding soil to a container (80 cm diameter, 1 m high), which was brought into the laboratory at the end of the excavation. The soil was manually reduced as much as possible before the container was slowly filled with water, forcing the ants to accumulate close to the surface. The topmost dry soil containing ants and brood was transferred to a new container where it was spread out. From here the ants readily emigrated through provided plastic tubes to connected soil-filled nest boxes (40 ¥ 30 ¥ 30 cm). The nest boxes were connected via transparent plastic tubes to soil-filled glass formicaries of 1 cm width and variable sizes. Ants crossing the tubes in either direction were counted at regular intervals. Workers from the two excavated nest parts were observed for 23 and six days, respectively. Afterwards, remaining ants and brood were counted and conserved in ethanol. The approximate numbers of ants lost due to flight, death, or foraging activity were visually estimated during each stage of the excavation and laboratory observations. Adding this estimated number to the preserved worker and brood numbers allowed us to make a prediction of colony size.
Morphological measurements
For a morphological description of D. laevigatus and its comparison to other Dorylus species, 330 workers collected from the nest were chosen at random and 20 workers to sample for size extremes. On these 350 workers and the queen, the following body portions were measured using an ocular micrometer: The dry weight (DW) was measured on a high precision scale after drying workers at 40°C for 24 hours. An additional 110 workers were collected at baits and on exploratory foraging trails. The HW, HTL and DW was recorded for these workers. All characters were transformed to their natural logarithms for further analysis. To estimate possible allometric growth for D. laevigatus, we followed the definition of Wilson (1953) , who defines allometry by the following equation: log y = log b + k · log x, where X is the size of the allometric organ and Y is the size of the organ against which X is compared. A significant deviation of the slope k of the regression line from one indicates differential growth, i. e. allometry. Since the X as well as the Y value contained measuring errors, we used a Multiple Means Regression (Model II regression) to estimate the parameters of the allometric equation. Departure of slopes from unity was tested using a t-Test (Köhler et al., 1996) .
Further methods are given at appropriate places in the following text.
Results
Nest excavations
Although D. laevigatus is well-known locally as well as scientifically, a nest has never been documented. Plantation workers, acquainted with these common ants, assured us that "these ants have no nests". These circumstances hint to the difficulties confronted with when searching for a D. laevigatus nest. Although the studied plantation was well suited for such a task, we had to use an excavator to obtain the nest. In this rather destructive way a single nest was collected. Nevertheless, in consideration of the lack of information about hypogaeic army ants, we believe that the understanding of army ant biology will profit from the following description of a singleton.
In the following, the first discovery site of the colony is numbered nest site 0, followed by nest sites 1 and 2 where the ants were collected consecutively.
Nest site 0
We analyzed the pattern of bait acceptance and frequentation for 34 days. Baits close to the plantation's front were found Observations of the collected ants and bait frequentation after nest excavation showed that only a fraction of the colony and no queen were collected. Because of this, the remaining colony was allowed to reunite and foraging movements were monitored via baits for another 39 days.
Nest site 2
Workers and brood could be found in the soil around NS1 for six days. One day after the excavation at NS1, D. laevigatus occupied still 79 % of the previously visited baits. A shift in bait frequentation during the following weeks connoted a shift of the colony to NS2, where it was excavated after 39 days (Fig. 1) . Previous exceptionally heavy rainfall left only 25 cm of dry soil in the nest area on the excavation day. The colony was distributed onto at least three larger (6 to 10 cm long and 5 to 8 cm high) and several smaller nest cavities (4 to 6 cm diameter). The cavities were dispersed over an area of 1.5 ¥ 2 m and were located about 10 cm below the soil surface. They contained clustered workers as well as brood. As for NS1, nest presence was revealed by high trail densities above the nest cavities. Although we crossed NS2 daily while checking the baits we never detected any epigaeic signs indicating hypogaeic activity. After the completed excavation we opened the ground at all potential nest sites within the plantation (554 m 2 ) to ensure no part of the nest was missed.
Morphology and colony composition
Until now, details on colony size, worker numbers, and worker polymorphism are lacking for hypogaeic Dorylinae. In the following we provide the first detailed data.
Workers
The DW of a worker was positively correlated to its L and HW (DW:L, Spearman's R = 0.979, P < 0.002; DW:HW, R = 0.986, P < 0.002). Because of this, DW will be used as a measure of worker size. Since the worker DW did not differ between NS1 and NS2 (Mann-Whitney U Test, U = 13212.00, P = 0.513) workers from the two nest parts were pooled. The largest worker weighted 115 times as much as the smallest (Table 1 ). An allometric relationship was found for only two pairs of measured body parts, i. e. HW-HL: k = 0.949, r 2 = 0.96, P < 0.02, and HTL-PnW: k = 1.041, r 2 = 0.92, P < 0.05. No break of the regression line was found when plotting the data. Dorylus laevigatus thus demonstrates monophasic allometry without distinct morphological subcastes.
The average DW of workers found at baits was significantly higher than that of workers collected from the nest ( Fig. 2 ; Mann-Whitney U = 9182.000, P < 0.002). On the other hand, workers collected from exploratory trails were on average significantly lighter than workers collected from the nest or from baits ( Fig. 2 ; Mann-Whitney U-Test, nest: U = 3933.500, P < 0.002, baits: U = 323.500, P < 0.002). To classify collected workers without measurement and to compare their results and those of former and following studies we 382 S. M. Berghoff et al. Nest and colony composition of a hypogaeic army ant very early during the study period and were frequented on most observation days. Combining bait observations with the plantation's topography, the nest site was traced down to one potential area. In this area (15 m long, 4 m wide), the ground was probed with a shovel. Under a pile of palm leaves, which was pushed aside in order to examine the ground surface, a 1 m 2 area was found (NS0, Fig. 1 ) containing numerous well frequented D. laevigatus trails. A hole (25 cm diameter) dug into this area revealed a dense three-dimensional network of D. laevigatus trunk trails (0.8 -1.3 cm diameter) and interconnecting secondary trails (0.4 -0.6 cm diameter, for further trail descriptions see Berghoff et al., 2002) . Trunk trails were found up to a depth of 47 cm. The ground water level was at 70 cm depth. On two trunk trails workers transporting earthworm pieces were observed. Due to heavy rain and nightfall, we interrupted the pre-excavation and sheltered the site from rain. The site was probed 14 hours later, first by manpower and then via an excavator. No D. laevigatus workers were found at NS0 or the surrounding area (25.16 m 2 ).
Nest site 1
Since D. laevigatus had left NS0 we extended our search for the new nest site. The excavator continued to probe the ground within a radius of 20 m and NS1 (0.80 ¥ 1.00 m, Fig. 1 ) was located 13 m away from NS0. Similar to NS0, NS1 was covered by a pile of dried palm leaves and contained highly frequented trails with diameters between 0.3 and 1.1 cm. Digging deeper at the site of high trail concentration, the nest was found in a depth of 20 cm. The nest consisted of an approximately round cavity with a diameter of 20 cm. It contained a dense cluster of ants and brood. The cavity was located in the soil zone with high root density and contained eight roots itself. In an area of approximately 2.5 ¥ 3.0 m around NS1 numerous cavities of variable shapes were found which were filled with fine grained soil. Soil of this consistence was often found around baits, indicating recent and heavy digging activity of D. laevigatus (see also Berghoff et al., 2002) . Research article 383 and 8 % larvae. No eggs were found. The second colony fragment excavated at NS2 contained approximately 50,000 workers and 55,000 brood. Of the brood, 84 % were pupae and 16 % larvae. Eggs were only found as a small egg cluster laid by the queen. Because of the heterogeneity of worker sizes it was not possible to differentiate between larvae of different ages. Pupae ranged in both nest fragments between young and just beginning to differentiate, and already pigmented, old pupae. Adding the data of both nest parts to the estimated number of workers and brood lost during the excavation, the total colony size approximates 325,000 workers and 120,000 brood.
Laboratory observations
The following observations are based on about 30,000 workers and 12,000 brood excavated at NS2.
Emigration and bivouac
A transparent plastic tube (0.6 cm diameter, 1.25 m length) connected the nest box to a soil-filled glass formicary (F1, 44 ¥ 28 cm). Almost immediately after connection the tube was explored by minor and small medium workers. After 20 minutes larger workers frequented the tube, and after 40 minutes workers crossed the tube in a continuous stream. After 90 minutes, a cluster of workers (1 cm diameter) had accumulated in a preformed cavity between the soil and the F1 wall. The first workers transporting brood into F1 were observed at this time.
Ninety minutes after the onset of brood transport D. laevigatus had excavated a cavity of 1 cm diameter in the middle of F1. All incoming brood was transported into this cavity. Around the cavity's entrances and at widened places within the tunnel system small groups of ants were found standing in a threatening position on extended legs with opened mandibles. During the next eight hours minor, medium, and major workers enlarged the cavity by removing soil particles from its periphery and carrying them to cavities existent within the soil or back to the nest box. After 12 hours the new-formed cavity was 9.8 cm high and 11 cm wide (Fig. 4) . established four arbitrary worker classes: 1) Minimum: DW < 0.25 mg, HW 0.5-0.8 mm; 2) Minor: DW 0.25-1.00 mg, HW 0.9 -1.2 mm; 3) Medium: DW 1.00 -2.50 mg, HW 1.3 -1.6 mm; 4) Major: DW > 2.5 mg, HW > 1.6 mm. The morphological ranges of workers in these classes are given in Table 1 . When previously measured workers were visually distributed onto these classes, 68 % were correctly assigned to the corresponding class. Combined with the behavioral differences, the majority of workers could be assigned visually to the classes during field observations. Of all workers measured for morphological traits (i. e. 460 workers), 114 workers (25 %) belonged to the minimum class. Only in this class workers were found with less than ten antennal segments (i. e. 71 individuals, 62 % of minimum workers). Most of these small workers were found within the nest (92 %) and a few on exploratory trails (8 %).
Queen
The queen was found among the excavated cavities of NS2 and was transferred with her surrounding retinue of 58 workers onto the soil of a separate container. Of the retinue, major and medium workers were surrounding and protecting the queen while medium and minor workers tried to lower her into the ground. This was done by covering her with soil removed from beneath. The queen was barely able to walk on her own and made no noticeable progress. While trying to move, being slightly physogastric, she laid a small cluster of 63 eggs. Each egg had the size of 0.4 ¥ 0.2 mm.
The measurements of the queen are given in Table 1 . Her external morphology conformed with the detailed description of Gerstäcker (1863). Barr and co-workers (1985) provided a list of queen morphology traits considered to be of taxonomic importance for Dorylus subgenera. Since no Dichthadia queen was available, this was the only Dorylus subgenus they had to omit in their study. Figure 3 completes their data. Our specimen missed the last one to two tarsal segments and the claws on all legs.
Colony size
The nest fragment excavated at NS1 contained an estimated 80,000 workers and 60,000 brood, of which 92 % were pupae Workers and brood had accumulated in the cavity, forming a bivouac. The bivouac consisted of a tight cluster of minor and small medium workers. These were motionless and about 80 % were oriented with their heads downwards. Minor and minimum workers moved along stable paths between the bodies of their nestmates. The majority of brood was concentrated to a defined bivouac region where it was loosely dispersed between the ants' bodies (Fig. 4) .
While the last brood was still carried into F1 (22 hours after immigration onset) brood began to be carried back to the nest box. During the next eight hours the ants forming the bivouac showed minor positional shifts, resulting in an unsteady bivouac appearance and temporary gaps in its structure. After another four hours brood was carried around within the bivouac, which had now lost its calm and orderly structure. A permanent 3 cm wide gap had formed and the cavity was clearing from the side opposite to the main entrance. Brood was now transported predominately out of F1, back into the nest box, and from there into a second formicary (F2). The emigration out of F1 lasted about 33 hours. We observed a similar order of events for F2 and a third formi- The formation of a nesting cavity and bivouac assembly was anticipated in laboratory formicaries. The structure of the bivouac was similar to bivouacs of epigaeic species (Rettenmeyer, 1963; Schneirla, 1971) . Cavity formation seemed to be elicited by the presence of brood, since it was never observed in all-worker samples.
Contrary to the regular emigrations of Eciton species (e.g. Schneirla, 1945; Schneirla, 1957; Rettenmeyer et al., 1980) , between one and 164 days can elapse between two partially epigaeic Dorylus emigrations (Raignier and van Boven, 1955; Raignier et al., 1974; Gotwald and Cunningham-van Someren, 1990) . Our observations of the D. laevigatus colony prior to the excavation and of other colonies (unpubl. data) indicate a residency of several weeks to several months at the same site. Probably due to the disturbance of the pre-excavation, the colony emigrated from NS0 to NS1. The colony had about 14 hours at their disposal before the nest at NS1 was excavated. Laboratory emigrations of colony fractions lasted 22 and 33 hours. Considering the long emigration times of D. wilverthi colonies (e.g. 56.3 hours, Raignier and van Boven, 1955) it is likely that the emigration was not yet completed when we excavated the nest at NS1. This could also explain why we did not collect the queen at this site. Although able to emigrate when forced to do so, it remains to be shown if and how often D. laevigatus emigrates under natural conditions.
Colony population and composition
Ever since Raignier and van Boven (1955) reported estimated colony sizes of two to 20 million workers for D. wilverthi, Dorylinae were quoted as having the most numerous colonies -even among army ants. Besides for D. wilverthi estimations of army ant colony sizes have only been attempted for D. nigricans (i.e. 1,000,000, Vosseler, 1905) . With an estimated colony size of 325,000 workers, the excavated D. laevigatus colony was small compared to these Dorylus colonies and medium sized for other army ants (range: 30,000 to 1,000,000 workers, Rettenmeyer, 1963; Schneirla and Reyes, 1966; Schneirla, 1971; Fowler, 1979; Franks, 1982; Franks, 1985) . Large colony sizes have been linked to the development of group predation and a broad diet (Höll-dobler and Wilson, 1990) . Although D. laevigatus preys on a variety of soil animals, it seems to use available food resources in a sustainable way over long periods of time (Berghoff et al., 2002) . Without the need of constant mass raids extreme colony sizes may never have gained adaptive value. Furthermore, the confined hypogaeic space probably demarcates the operation of large masses.
Workers ranged in body length between 2.3 and 9.3 mm (Table 1) and were thus lacking the large individuals of D. nigricans (2.5 -12.3 mm, Hollingsworth, 1960) and D. wilverthi (2.3-13 mm, Raignier et al., 1974) . As for D. nigricans (Hollingsworth, 1960) , D. laevigatus showed monophasic allometry. Although no morphological subcastes were discernable army ant workers of certain size ranges perform often different tasks within colonies. In D. wilverthi, medium cary. The formation of a cavity or a bivouac were never observed in numerous previous experiments when we kept D. laevigatus without brood.
Feeding
While keeping the colony fragments in the laboratory, we provided oil, arthropods, and earthworms in a feeding container connected via a tube to the nest container. Living prey was always instantly attacked, killed, and covered with soil. Prey was either consumed in the container or cut to pieces and transported back to the nest container. However, we observed actual feeding, e. g. the complete imbibing of an earthworm, only during the first four to five days of captivity. After a week of captivity, earthworms were killed but left mostly untouched. On the third day of laboratory observations we provided oil dyed with Sudan III Red. Workers feeding on the red oil were discernible by a red spot visible through their gasters. When the ants emigrated to a formicary about 24 hours later, we observed 16 larvae with a distinct red color. We never observed red larvae prior to dying the oil or larvae being transported into the feeding container.
Discussion
Generally, D. laevigatus trails are very difficult to find by chance alone since foraging ants are restricted to small, ephemeral exploratory trails and a few trunk trails (Berghoff et al., 2002) . We had opened the ground during innumerable previous occasions when burrowing baits, looking for trails, and excavating nest. However, the large three-dimensional trail network indicating the nest presence at NS1 and NS2 had only been found at NS0 before. This supports the indication of the pattern of bait acceptance that NS0 was the original nest site of the colony. Contrary to D. (Anomma) nigricans and D. (A.) wilverthi (Raignier and van Boven, 1955) , no epigaeic excavation craters revealed the presence of the D. laevigatus nests. While digging, D. laevigatus can either displace loose soil with its body or carry soil particles off to other places (Berghoff et al., 2002) . The hypogaeic shift of excavated soil could explain the observed cavities filled with fine grained soil at NS1 where the nest was probably still under construction. Raignier and van Boven (1955) classified two general types of Dorylus nests: one exemplified by D. wilverthi, featuring a large central cavity, the other represented by D. nigricans, consisting of several smaller interconnected cavities. Later, Leroux (1977) showed that D. nigricans nests found in the savanna consisted of dispersed cavities while the more common nests found in forested areas contained a central cavity. Similar to D. nigricans D. laevigatus is able to alter the number of nest cavities with habitat conditions. With only about 25 cm of dry soil available the establishment of a central cavity, as observed at NS1, was probably not possible at NS2. By attracting D. laevigatus to palm oil baits it became possible to study the species' foraging and nesting habits. Since army ants are believed to have only limited ability of trophallaxis (Eisner, 1957 ; but see Rettenmeyer, 1963) D. laevigatus workers feeding on palm oil were supposed to use it mainly for their own nutrition (Weissflog et al., 2000) . However, we found red-colored larvae after feeding oil dyed red to D. laevigatus workers in the laboratory. Although the role of palm oil baits in colony nutrition and their possible influence on the time of colony residency remains to be shown, they still provide a unique tool to gain a first insight into hypogaeic army ant behavior.
Nest and emigration
workers dominated at raids, where minor workers contributed only 5-6% (Raignier et al., 1974) . Similar results were found for Eciton burchelli (Franks, 1985) . Contrary, minimum and minor D. laevigatus workers dominated on exploratory raiding trails (Fig. 2B) , while baits were occupied mainly by minor and medium workers (Fig. 2C) . This comparative overrepresentation of small workers can be anticipated when the foraging strategy of D. laevigatus is taken into account. Raids are caste specific, with large workers being recruited only when prey was located (Fig. 2, see also Berghoff et al., 2002) . These foraging peculiarities, which are probably an adaptation to its hypogaeic lifestyle, are reflected in the morphology of D. laevigatus.
Another notability of D. laevigatus is its large range in antennal segments (8 -12 AS, Table 1 ), making it the most variable army ant species in this respect. Since 92 % of these small workers were found within the nest previous reports of collected foragers never documented individuals with less than ten AS (Smith, 1857; Bingham, 1903; Wilson, 1964) .
A queen is known for 19 of the 132 Dorylus species and subspecies (Bolton, 1995) . Gerstäcker (1863) was the first to describe a "strange Hymenoptera" which he supposed to be the queen of a new Dorylus genus, i. e. Dichthadia. Although no further information about this queen or associated workers were available, Emery (1895) assumed it to be the queen of D. laevigatus. Our excavated D. laevigatus queen in fact fits the original description of Gerstäcker (1863) and its unity with D. laevigatus is thus finally confirmed. Like our D. laevigatus queen, all described functional Dorylus queens had mutilated tarsi (e. g. Gerstäcker, 1863; Menozzi, 1927; Raignier and van Boven, 1955) . speculated that the tarsi break off while pulling and crawling through hypogaeic tunnels during migration, while Raignier (1972) found young D. wilverthi queens to loose their tarsi already prior to the first emigration. Possibly due to this mutilation, the D. laevigatus queen was not able to notably proceed on her own. While Eciton queens run under their own power (Rettenmeyer et al., 1978) , Dorylus queens probably have to be assisted by workers during emigrations. This maladjustment of Dorylus queens to walk could actually render emigrations more difficult and might be linked to the lower emigration rates.
The regular emigrations of epigaeicly active Ecitoninae and Aenictinae species are closely linked to a cyclic brood production (e. g. Schneirla, 1957; Schneirla, 1971; Rettenmeyer et al., 1980) . At any one day the brood of these species is of similar age and developmental stage (Schneirla, 1945) . Due to their irregular emigration patterns, hypogaeic army ants, including all Dorylinae, are generally believed to be non-phasic (Gotwald, 1982 ; but see Raignier et al., 1974) . Dorylus wilverthi colonies excavated at different times of the year contained larval percentages between seven and 29 % (Raignier and van Boven, 1955) . The larval percentages recorded for D. laevigatus fall within this range (8 % at NS1 and 16% at NS2). Simultaneous presence of brood in all developmental stages indicate a non-phasic brood production.
